Abstract. BCL-2 is an integral protein of the external mitochondrial membrane that inhibits cell apoptotic death. We investigated the effect of androgen deprivation therapy (ADT) on BCL-2 expression in prostate cancer tissues. We studied BCL-2 expression in vivo in prostate cancer tissues obtained from patients who underwent radical prostatectomy after neoadjuvant ADT, by Northern and Western blot analysis, and immunohistochemistry. Moreover, gene transcriptional activity was also measured by nuclear run-on experiments. We demonstrated an increase of BCL-2 mRNA expression in patients who underwent neoadjuvant ADT for 1 month in comparison to patients who had not received any therapy. Moreover, we demonstrated that there were no significant modifications of BCL-2 mRNA levels in patients who underwent neoadjuvant ADT for 3 and 6 months. Furthermore, BCL-2 protein levels in patients who underwent neoadjuvant ADT for 1 month were upregulated in comparison to patients who had not received any therapy. Immunohistochemical analysis showed a strong positivity of prostate cells depending on ADT administration for 1 month. Finally, transcriptional activity was not modified in patients who underwent neoadjuvant ADT, suggesting the absence of hormonal regulation on BCL-2 gene expression at the transcriptional level. Our data show that short-term administration of ADT interferes with BCL-2 expression, suggesting that androgen-mediated mechanisms may act through BCL-2-mediated apoptotic pathways. Moreover, since short-term ADT administration does not interfere with BCL-2 expression at the transcriptional level, the androgen-mediated mechanisms involving BCL-2 pathways, probably act at the posttranscriptional level.
Introduction
Apoptosis is a morphologically distinct form of programmed cell death essential for normal development and tissue homeostasis (1) . Aberrant regulation of this pathway is linked to multiple human diseases, including cancer, autoimmunity, neurodegenerative disorders and diabetes (2) . The BCL-2 family of proteins constitutes a critical control point in apoptosis residing immediately upstream of irreversible cellular damage, where family members control the release of apoptogenic factors from mitochondria (2) .
BCL-2 is an anti-apoptotic mediator that has been found to be involved in the molecular biology of a wide range of human cancers since its discovery as an oncoprotein implicated in human follicular lymphoma (3) . It is known that the BCL-2 gene is a member of a multigene family, where the members function either to inhibit or to promote apoptosis (3) . The protein encoded by this gene is a potent blocker of apoptosis and resides primarily in the parts of the endoplasmic reticulum, nuclear envelope and mitochondrial outer membrane conferring a survival advantage on cells expressing this oncoprotein (1) . BCL-2 affects neoplastic cell proliferation by preventing apoptosis and therefore the normal cell turnover caused by physiological cell death mechanisms (3) .
In normal prostate tissue, BCL-2 expression is restricted in the cytoplasm of basal epithelial cells, which are resistant to the effects of androgen deprivation (4, 5) . On the other hand, the secretory epithelial cells, which lack detectable BCL-2 expression, undergo apoptosis following androgen deprivation (4, 5) .
BCL-2 expression resulted higher in prostatic intraepithelial neoplasia and in the androgen-independent tumors emerging after androgen ablation treatment than in benign hyperplasia and untreated tumors (5) .
Moreover, high levels of BCL-2 were demonstrated in LNCaP and PC-3 prostate carcinoma cell lines (6, 7) . Increased levels of BCL-2 correlates with the development of prostate cancers, and suggested that this survival factor associate with a hormoneinsensitive, metastatic phenotype (8) .
Prostate cancer cells are typically androgen-dependent and androgen ablation is the standard systemic therapy for this disease (9) . Androgen deprivation induces programmed cell 3 and ELDA PERLINO death in normal, hyperplastic, preneoplastic, and malignant prostatic epithelial cells (9) . Androgen ablation provokes a selective pressure for clones that are genetically more likely to survive in an androgen depleted environment by activating alternative survival pathways. Pathways that lead to the up-regulation of BCL-2 have been proposed as one of the possible candidate mediating this process (9) . Gene transfection experiments using the androgen responsive prostate cancer cell line LNCaP that was modified to overexpress BCL-2, showed increased growth rate only when cultured in an androgen-ablated medium (10) . The expression of BCL-2 protein protects LNCaP cells against apoptotic stimuli in vitro (10) . Moreover, expression of BCL-2 enables LNCaP cells to form tumors in castrated male nude mice (10) .
Immunohistochemical analysis of BCL-2 protein levels in prostate tumors have revealed a correlation between the presence of BCL-2 protein and resistance to anti-androgen therapy (4) . Taken together, these observations suggest that elevated levels of BCL-2 protein may contribute to the progression of prostate cancers to a metastatic and hormone-insensitive state characterized by poor responses to chemotherapy.
The effects of dihydrotestosterone (DHT) on the regulation of BCL-2 expression in hormone sensitive LNCaP cell line, suggests that a consequence of androgen ablation therapy may be the de-repression of BCL-2 promoter and subsequent up regulation of BCL-2 mRNA and protein (11) .
The involvement of BCL-2 in the progression of prostate cancer to androgen independence was further demonstrated by the use of antisense BCL-2 oligodeoxynucleotides (ODN). In fact inhibition of BCL-2 protein induces apoptosis and enhances chemosensitivity in human prostate cancer PC-3 and LNCaP cells (12, 13) .
Taxane-induced (paclitaxel and its analogue docetaxel) phosphorylation of BCL-2 abolishes the potential antiapoptotic effect of BCL-2 (14) . Considering that cancer cells that overexpress BCL-2 are sensitive to taxane-induced apoptosis, therapeutic response and survival benefit of hormone refractory prostate cancer (HRPC) patients treated with taxane-based chemotherapy may depend on the presence of BCL-2 protein.
The up-regulated BCL-2 protein appears to be associated with the development of HRPC. However, the presence of BCL-2 protein, in turn, could indicate a survival benefit in HRPC patients scheduled for taxane-based chemotherapy (15) . Moreover, another study confirmed that inhibition of BCL-2 function, by combined antisense BCL-2 ODN and chemotherapeutic agent after castration, delayed progression to androgen independent and inhibition of established androgen independent tumor growth in mice with Shionigi tumor (16, 17) .
Therefore, the possibility of using gene therapy to downregulate BCL-2 as a treatment for prostate cancer is being considered and could be promising. Whether it is antisense, gene therapy or drug therapy, an effective anti-BCL-2 treatment of androgen-independent tumors may also potentiate the apoptosis inducing ability of other agents (16, 17) or radiotherapy (18) , that otherwise cannot overcome the survival signal trigger by BCL-2 overexpression.
In this contest we decided to study the effect of neoadjuvant Androgen Deprivation Therapy (ADT) on the BCL-2 expression in patients affected by prostate cancer.
Materials and methods
Human prostate tissue collection and procurement. This study was performed using prostate specimens obtained from patients hospitalized at the Department of Emergency and Organ Transplantation-Urology, Andrology and Renal Transplantation Unit of the University of Bari (Italy). Informed consent was obtained from all patients.
Protocol-based tissue sampling techniques are used to procure tissue as soon as possible after removal from the patient (<20 min from time of removal at surgery to tissue freezing) while adequately preserving the specimen for pathological characterization (assessment of pathological stage, margin status, and grade).
Soon after removal, the prostate was placed on a cutting table and a single incision was made through the capsule. Then the capsule is stripped from the gland. This procedure permits procurement of tissue from the gland for banking while allowing for diagnostic evaluation of the entire prostate capsule tissue for surgical margin status and stage. A sample was taken and cut in two parts. This procedure generated two mirror image halves. One half was snap-frozen, and cryopreserved in liquid nitrogen for RNA extraction and immunoblotting analysis. The remaining tissue sample was fixed in 10% neutral-buffered formalin for 12 to 24 h, embedded in paraffin, and stained with hematoxylin and eosin (H&E) for histological evaluation. Identification of tumor areas in the frozen tissue was achieved by matching this tissue with H&E stained sections.
H&E stained sections were reviewed, and the tumour grade, according to the Gleason criteria (19), was estimated for each tumour sample: Gleason score <7 n=10 and ≥7 n=29.
RNA extraction and Northern blot analysis.
Frozen tissue samples were pulverized and cellular RNA was extracted using the guanidinium isothiocyanate-cesium chloride procedure as previously described (20) . Radiolabeled probes were generated using the Megaprime DNA labeling kit (Amersham), 100 µCi of α-32 P-dCTP (3,000 Ci/mmol, Amersham) and 25 ng of double-stranded ≈850-bp fragment specific for the BCL-2. The specific ≈850-bp BCL-2 fragment was generated by polymerase chain reaction using pcDNA3.1-BCL-2 plasmid as template and the resulting fragment was subcloned in the pcDNA3.1 vector. mRNA levels were normalized using ribosomal 28S rRNA, a constitutively expressed gene. For this purpose, blots were stripped in 0.1% boiling SDS and reprobed with the radiolabeled 32 P-28S cDNA probe. Quantitative analysis was performed by densitometric scanning of the autoradiographs using a Bio-Rad GS-700 Imaging Densitometer (Bio-Rad, Richmond, CA); multiple exposures of the same Northern blots in a linear range were performed.
Nuclear run-on transcription assays. Isolation of nuclei and transcriptional rate assays were performed as previously described (21) . Nylon N+ membranes (Amersham), containing 10 µg of cDNA fragments previously bound by slot blot, were hybridized for 48 h at 42˚C with 3.0x10 6 cpm/ml 32 P-labeled RNA obtained in the run-on transcription assay.
The following cDNA fragments were used in the nuclear run-on analysis: the ≈850-bp specific BCL-2 fragment isolated by Eco-RI digestion from the pcDNA3.1-BCL-2 plasmid and the 1.3 kb 28S fragment isolated by BamH1 digestion from the p28S plasmid (22) .
After hybridization, the membranes were washed and then exposed to Kodak X-OMAT AR 5 film (Kodak, Rochester, NY, USA). Autoradiography of the RNA-DNA hybrids obtained after 7 days of exposure at -80˚C were analysed using a GS-700 Imaging Densitometer (Bio-Rad). All values were standardized according to the 28S rRNA signal used as the internal standard. The average of BCL-2 transcriptional activity in normal prostate biopsies derived from three patients was set at 100 (arbitrary units). BCL-2 transcriptional activity in neoplastic tissues was calculated as percentage of the transcriptional activity of the normal prostate.
Immunoblotting. Prostate frozen tissue samples obtained from radical cystoprostatectomy were homogenized and cellular proteins were extracted using the procedure as previously described (20) . Briefly, 100 µg of tissue extracts were electrophoresed on 10% SDS-polyacrylamide gel (PAGE) under reducing conditions and immunoblotting was carried out using: BCL-2 (Zymed Laboratories) antibody (1 µg/ml) and β-tubulin (Zymed Laboratories) antibody (2 µg/ml). In the first case the blots were incubated for 30 min at 4˚C with a blocking solution composed of PBS pH 7.4 containing 5% non-fat dry milk. Then the blots were incubated with the BCL-2 antibody for 16 h at 4˚C in PBS containing 3% non-fat dry milk. The membrane was then washed two times in water and incubated with horseradishperoxidase-conjugate goat affinity-purified antibody to mouse IgG (H+L) (Bio-Rad) 1/3.000 diluted with PBS containing 5% non-fat dry milk for 90 min at room temperature. After two washes in water, one wash in PBS-T (PBS-Tween 0.05%) and one wash in water again, the proteins were visualized using the Amersham enhanced chemiluminescent system according to the manufacturer's instructions.
Densitometric values for immunoreactive bands were quantified by using a GS-700 Imaging Densitometer (Bio-Rad). BCL-2 protein levels was calculated as percentage of the control (normal prostate) taken as 100 in arbitrary units, after normalization using β-tubulin as control for protein loading.
For each specimen, the mean value (± SEM) of the results obtained in at least three experiments was calculated.
Histopathology and immunohistochemistry. The study material for histopathology included all surgical samples from which tissue fragments for the molecular investigations had been taken.
The surgical samples were fixed in 10% neutral buffered formalin for 12-24 h, embedded in paraffin, cut and stained with hematoxylin-eosin (H&E). The histological preparations were reviewed by pathologist to compare the histological dating with the clinical dating in normal prostate, to specify the histological subtype of prostate carcinomas and to define tumor grade.
From selected cases (detailed in Table I ) for which sufficient and representative amounts of tissues were available after morphological analysis, a single paraffin block per case was selected for immunostaining based on good morphological preservation. Three µm thick sections were cut, collected on positively-charged slides, dewaxed and rehydrated. Following quenching of endogenous peroxidase with H 2 O 2 for 15 min at room temperature, the sections were immunostained for BCL-2 using a peroxidase-based detection system (En Vision, Dako, Glostrup, Denmark) with an automated immunostainer (Autostainer, Dako). Prior to the staining procedure, the sections to be incubated with anti-BCL-2 antibody, were immersed in 1X EDTA buffer, pH 8.0 and incubated at 98˚C for 30 min in a water bath. A mouse monoclonal antibody against BCL-2 (Clone 100, Biogenex; dilution 1:500) was used as the primary antibody with overnight incubations at 4˚C. Sections of lymph node were used as positive control in our experiments.
Evaluation of BCL-2 immunoreactivity.
In all cases the pathologist made the semi-quantitative evaluation by means the optical microscopy counting the relative number of immunoreactive cells in different microscopic fields (observed at x400 magnification). A semi-quantitative assessment on the overall number of cells immunoreactive was carried out. The extent of the immunoreactivity within each sections was expressed as the average percentage of immunoreactive cells in each sections and then it was semi-quantitatively scored.
Statistical analysis. All data are reported as the mean ± SEM. Statistical analysis was performed using the ANOVA followed by Duncan post hoc test. All experiments were repeated at least three times.
Results
Effect of ADT on BCL-2 mRNA level. Steady-state level of BCL-2 mRNA was evaluated by Northern blot analysis starting from total RNA isolated from 34 prostate tissues (Table I) .
We identified three groups of patients: the first group included 4 patients (N1-N4; median age at surgery: 74±6 years) with a normal prostate who underwent radical cysto-prostatectomy for bladder carcinoma not involving the prostate. The second group included 21 patients (K1-K21; median age at surgery: 69±7 years) with prostate cancer, who underwent radical prostatectomy.
The third group included 18 patients (TK1-TK18; median age at surgery: 68±5 years) affected by prostate cancer who had undergone neoadjuvant ADT for 1 month (11 patients: TK1-TK11); 3 months (3 patients: TK12-TK14) and 6 months (4 patients: TK15-TK18) respectively.
The ADT consisted for all the patients of the association of a Luteinizing Hormone Releasing Hormone analog (goserelin depot, 3.6 mg/q 28 days) and a non-steroidal anti-androgen (bicalutamide, 50 mg/day). The median preoperative PSA level was 13.6 ng/ml (range: 6.1 to 18.6 ng/ml) and 9.8 ng/ml (range: 2.2 to 16.3 ng/ml) for patients in groups K and TK, respectively.
Fig . 1A shows the result of a typical Northern hybridization experiment. After the hybridization with the specific BCL-2 cDNA probe (21) a 5.4 kb band corresponding to the BCL-2 mRNA was detected in all the samples. To normalize the possible differences due to the mRNA loading and transfer, the same filters were de-hybridized and re-hybridized again with the human 28S rRNA cDNA probe (22) . The ratio between the target mRNA level and the 28S rRNA level was calculated for each sample. The semi-quantitative expression of BCL-2 mRNA level in neoplastic prostate tissues was calculated as percentage of normal prostate mRNA level measured on the same filter. The mean values of at least three separate measurements for each patient were recorded and the average values (± SEM) are reported in Fig. 1B .
The results of Northern hybridization experiments showed decreased BCL-2 steady-state mRNA level in 85% of the neoplastic prostate tissues obtained from patients without therapy (K1-K13) when compared with normal prostate samples (N1-N4). On the contrary, an increased BCL-2 steady-state mRNA level in 59% of the neoplastic tissues isolated from patients who received neoadjuvant ADT (TK1-TK17) was observed. The expression of BCL-2 mRNA in the prostate cancer samples isolated from patients without therapy (K) ranged from 43% (±13) to 95% (±28), with an average value of 75% (±9). This decrease was statistically significant (p<0.01) (Fig. 1B) . On the contrary the BCL-2 mRNA level in the neoplastic tissues isolated from patients who received neoadjuvant ADT (TK) ranged between 51% (±6) and 129% (±21), with a mean percentage value of 98% (± 12).
Setting at 100 (arbitrary units) the average BCL-2 mRNA level in neoplastic prostate tissue specimens (K), the BCL-2 mRNA level in neoplastic tissues isolated from patients who received neoadjuvant ADT (TK) was increased (128±8%) with respect to the K group, and was statistically significant (p<0.01).
In conclusion, our data show that short-term administration of ADT interferes with BCL-2 mRNA expression, reverting the BCL-2 mRNA decrease observed in the malignant cell transformation, thus suggesting that androgen-mediated mechanisms may act through the BCL-2-mediated apoptotic pathways.
Effect of the time of neoadjuvant ADT administration. Since the neoadjuvant ADT is normally administered to patients affected by prostate cancer for different time periods we decided to investigate the effect of the length of administration time on the BCL-2 mRNA expression. In this regard, we evaluated BCL-2 mRNA level in the neoplastic prostate samples isolated from patients treated for 1, 3 and 6 months, respectively.
As shown in Fig. 1C , the BCL-2 mRNA expression measured in the neoplastic tissues isolated from patients treated with ADT for 1 month showed a statistically significant (p<0.01) increase (146±12%) in comparison with neoplastic tissues isolated from patients without therapy (K). On the contrary, BCL-2 mRNA expression in the patients treated with ADT for 3 and 6 months resulted comparable to the expression measured in the tumour tissues isolated from patients without therapy (K).
Effect of ADT on clinical progression.
To investigate whether the effect of 1 month of ADT on the BCL-2 mRNA expression associated with the aggressiveness of prostate cancer, we correlated the BCL-2 mRNA to the histological tumour grade based on Gleason's criteria of tumour classification (18) .
As reported in Fig. 1D , the 4 TK patients affected by a well-differentiated prostate carcinoma (Gleason <7) and the 6 TK patients affected by poor-differentiated prostate carcinoma (Gleason ≥7) showed a statistically significant (p<0.01) similar increase (144±6% for Gleason <7 and 147±8% for Gleason ≥7, respectively) of the BCL-2 mRNA expression in comparison to patients without therapy (K). Since comparing the BCL-2 mRNA expression in patients with Gleason <7 and patients with Gleason ≥7 no statistically significant difference was found (p>0.05), even if these preliminary results need to be verified in a larger population, we can conclude that BCL-2 increase observed in the patients treated with neoadjuvant ADT for 1 month does not correlate with the tumour progression.
Effect of ADT on transcriptional regulation of BCL-2 gene.
To investigate the molecular mechanism responsible for the variation of BCL-2 mRNA level in prostate cancer tissues isolated from patients treated with ADT for 1 month, we measured the transcriptional activity of the BCL-2 gene by nuclear Run-on assays.
A typical run-on experiment was carried out by using one representative normal prostate (N), one representative neoplastic prostate sample isolated from patients without therapy (K) and one representative neoplastic prostate specimen isolated from patients treated for 1 month with neoadjuvant ADT (TK), is shown in Fig. 2A .
In the neoplastic tissues isolated from patients who received neoadjuvant ADT for 1 month (TK) BCL-2 transcriptional activity ranged between 65% (±2) and 84% (±4), with a mean percentage value of 76% (±3). In the prostate cancer samples isolated from 4 patients without therapy (K) BCL-2 transcriptional activity ranged from 61% (±1) to 80% (±6), with an average value of 72% (±8).
The decrease of the BCL-2 gene transcriptional activity was statistically significant (p<0.05) both in neoplastic prostate tissues isolated from patients without therapy (K) and in neoplastic prostate tissues isolated from patients treated with neoadjuvant ADT for 1 month (TK) in comparison with the normal prostates (N) (Fig. 2B) , suggesting that the BCL-2 transcriptional activity does not account for the up-regulation of the mRNA expression as measured by Northern hybridization experiments in neoplastic prostate tissues isolated from patients treated with neoadjuvant ADT for 1 month. On the contrary, our results suggests that transcriptional activity may be involved in the BCL-2 regulation of expression in neoplastic prostate tissues. 
Effect of ADT on BCL-2 protein level.
To clarify the molecular mechanisms that regulate the expression of BCL-2, we measured the BCL-2 protein level by Western blot analysis, in the prostate tissues isolated from patients treated with ADT for 1 month. Fig. 3A shows the results of a typical experiment. After normalization with β-tubulin protein the mean value of the BCL-2 protein expression was calculated as percentage of the normal prostate. At least three separate measurements for each patient were recorded and the average ± SEM are reported in Fig. 3B .
The BCL-2 protein expression in the prostate cancer samples isolated from patients without any therapy (K) ranged from 95% (±8) to 139% (±3), with an average value of 114% (±6) in comparison to the normal prostate control (N). This up-regulation of BCL-2 protein level was statistically significant (p<0.05). The BCL-2 protein level in the neoplastic tissues isolated from patients who received neoadjuvant ADT for 1 month (TK) ranged between 80% (±4) and 220 (±10), in comparison to the normal prostate control (N), with a mean percentage value of 134% (±7) and this up-regulation resulted to be statistically significant (p<0.05).
Moreover, the BCL-2 protein level in neoplastic tissues isolated from patients treated with neoadjuvant ADT for 1 month (TK) was increased (120±10%) also with respect to the K group and this increase was statistically significant (p<0.05).
Our data, together with the results obtained from the run-on experiments suggest that translational and/or post-translational regulation take place in BCL-2 expression in neoplastic prostate tissues depending from ADT administration for 1 month. The increase in BCL-2 proteins level directly correlated with the up-regulation of BCL-2 mRNA steady-state expression in TK group (r=0.91; p=0.016) as shown in Fig. 3C . We also investigated the BCL-2 expression by immunohistochemistry in the neoplastic tissues. The study material included 22 surgical prostate samples of 13 patients with carcinoma (K) and 9 patients treated for 1 month with ADT (TK).
In both K and TK groups, BCL-2 localization was detected mainly in the epithelial compartment (compare Fig. 4A and C and the 40x magnification B and D, respectively).
The BCL-2 immunohistochemical staining pattern (BCL-2 positive) in K group was as follows: in 7 of 13 patients (53.80%) the positivity of BCL-2 immunoreactivity resulted weak and in 6 of 13 patients (46.20%) the positivity of BCL-2 immunoreactivity was temperate or acute (Fig. 4B) .
On the contrary, the BCL-2 immunohistochemical staining pattern (BCL-2 positive) in TK group was as follows: in 4 of 9 patients (44.40%) the positivity of BCL-2 immunoreactivity resulted weak and in 5 of 9 patients (55.60%) the positivity of BCL-2 immunoreactivity was temperate or acute (Fig. 4D) .
In conclusion, in the greater percentage of TK patients (55.60%) showing a temperate/acute BCL-2 positivity, we observed an increase of BCL-2 expression depending from the ADT administration for 1 month (Fig. 4E ).
Discussion
In prostate cancer, BCL-2 has been reported to suppress apoptosis induction after androgen ablation both in vitro and in vivo (11, 23, 24) . BCL-2 is not strongly expressed in normal human prostate tissue but it is highly expressed in androgen-independent tumors (25, 26) . BCL-2 expression in human androgen sensitive prostate cancers, correlates with the subsequent development of androgen-independence and has been candidate as a prognostic indicator for the development of androgen escape in organ-confined prostate tumors (24, 27, 28) . Transfection with BCL-2 oncogene, resulting in BCL-2 protein overexpression, has showed to induce resistance to the hormone therapies in androgen-sensitive cell lines and was found to protect these cells against apoptosis (29) . Moreover, animal studies showed that BCL-2 expression increases with the development of hormonerefractory disease after surgical castration (11) . Mechanism by which BCL-2 expression is up-regulated during the development of hormone-refractory disease, are unknown, although it has been proposed that androgens are capable of suppressing BCL-2 expression; therefore after androgen withdrawal BCL-2 expression increases. This is supported by the fact that in the LNCaP cell line, dihydrotestosterone suppresses BCL-2 expression (11).
On the other hand BCL-2 activity in androgen-independent prostate cancer does not necessarily have to occur through overexpression. For example, activation of PI3K/Akt pathway results in activated BCL-2. Activation of PI3K/Akt pathway, through the loss of PTEN, results in the BAD phosphorylation. This frees BCL-2 from BAD-BCL-2 complex, which ultimately leads to cell survival (30) .
In the present study we investigated the cross-talk between hormones and anti-apoptotic factors by studying the effect of ADT treatment on BCL-2 expression in patients affected by prostate cancer.
We show for the first time, a significant decrease of BCL-2 mRNA levels in prostate cancer (group K) compared with the normal prostate tissues (group N). On the contrary, considering the BCL-2 mRNA levels in patients who received neoadjuvant ADT (group TK) we observed a statistically significant increase in comparison to patients who did not undergo hormonal treatment (group K), which shows the BCL-2 mRNA levels comparable to those of normal tissue.
Our results suggest that the prostate tumor cells in some way inhibits the synthesis of BCL-2 mRNA, but this effect disappears in the presence of chemotherapeutic factors that inhibit the action of the androgens on the prostate cell. Therefore, we can hypothesize that in prostate cancer ADT may possible reverting the inhibitory effect on BCL-2 expression.
Since the neoadjuvant ADT is normally administered to patients affected by prostate cancer for different time periods, we evaluated BCL-2 mRNA levels in the neoplastic prostate samples isolated from patients treated for 1, 3 and 6 months, respectively. In the present study we demonstrated that the BCL-2 mRNA expression measured in the neoplastic tissues isolated from patients treated with ADT for 1 month showed a statistically significant increase in comparison with neoplastic tissues isolated from patients without therapy (K). On the contrary, BCL-2 mRNA expression in the patients treated with ADT for 3 and 6 months resulted comparable to the expression measured in the tumour tissues isolated from patients without therapy (K).
These results suggest that ADT interferes with BCL-2 expression in a positive regressive way only with administration for short time (1 month), possibly indicating that androgenmediated mechanisms act through pathways involving BCL-2 in the first phase of the disease.
It was previously shown that increased levels of BCL-2 correlates with the development of prostate cancers, and suggested that this survival factor associates with a hormone-insensitive, metastatic phenotype (6) . In this light, we evaluated the association between the effect of 1 month ADT on the BCL-2 mRNA levels and the tumor aggressiveness. Comparing the BCL-2 mRNA expression in TK patients with Gleason <7 and patients TK with Gleason ≥7 no statistically significant difference was found (p>0.05).
Even if these preliminary results need to be verified in a larger population, we can conclude that the BCL-2 increase observed in the patients treated with neoadjuvant ADT for 1 month does not correlated with the tumour progression.
To investigate the molecular mechanisms responsible of the BCL-2 gene regulation of expression, we carried out in vivo transcriptional assays by means of run-on experiments. Our results suggest that the BCL-2 transcriptional activity does not account for the up-regulation of the mRNA expression as measured by Northern hybridization experiments in neoplastic prostate tissues isolated from patients treated with neoadjuvant ADT for 1 month. On the contrary, our data suggest that an inhibition of the transcriptional activity may be observed for the BCL-2 down-regulation of expression observed in neoplastic prostate tissues.
The post-transcriptional mechanisms are involved in the regulation of BCL-2 mRNA expression by ADT, thus we also measured the BCL-2 protein content by means of Western blot analysis.
Our results showed an increase of the BCL-2 protein expression in the prostate cancer samples isolated from patients without therapy (K) in agreement with previous data showing an increase of BCL-2 protein level in an in vitro system (7, 8) . The BCL-2 protein level resulted up-regulated also in the neoplastic tissues isolated from patients who received neoadjuvant ADT for 1 month (TK) in comparison to both the neoplastic prostate tissues obtained from patients without therapy (K) and the normal prostate samples (N). These data, together with the results obtained from the run-on experiments suggest a translational and/or post-translational regulation of BCL-2 expression induced by ADT treatment.
Moreover, the results of immunohistochemistry showed a greater percentage of BCL-2 expression in the epithelial compartment of prostate section isolated from patients who received neoadjuvant ADT for 1 month (TK) in comparison to the patients without therapy. These data are in agreement with other laboratory results showing a correlation between the presence of BCL-2 protein and the anti-androgen therapy (4), suggesting that BCL-2 probably acts in an autocrine way on the prostate cancer cells deprived of androgens.
In conclusion, our data show that short-term administration of ADT interferes with BCL-2 expression, suggesting that androgen-mediated mechanisms may act through the BCL-2 mediated apoptotic pathways.
Our data seem to indicate that ADT short-term administration does not interfere with BCL-2 expression at transcriptional level, suggesting that androgen-mediated mechanisms involving BCL-2 pathways, probably act at posttranscriptional level.
Precise characterization of the mechanisms that regulate the expression of BCL-2 in prostate cancer cells will provide further insight into the molecular basis involved in malignant transformation and disease progression and possibly contribute to the identification of molecular targets for the development of new therapeutic strategies for cancer disease.
Finally, a better understanding of the cross-talk among apoptotic factors such as BCL-2 and hormones during the clinical progression of prostate cancer is critical not only to contribute to the understanding of the molecular mechanisms that support malignant cell transformation and progression, metastasis establishment and growth, but also to identify new targeted modulators of cell proliferation that may help in generating rationally designed drugs or a gene therapy based on tissue specific expression of these factors in order to control cancer cell proliferation. Recent studies confirmed that inhibition of BCL-2 function, by combined antisense BCL-2 ODN and chemotherapeutic agent after castration, delays progression to androgen-independent and inhibition of established androgen-independent tumor growth in mice with Shionigi tumor (16, 17) .
Whether it is antisense, gene therapy or drug therapy, an effective anti-BCL-2 treatment of androgen-independent tumors may also potentiate the apoptosis inducing ability of other agents (16, 17) or radiotherapy (18) that otherwise cannot overcome the survival signal trigger by BCL-2 overexpression.
